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REPORT ON THE ANALYSES OF TEXTILES UNCOVERED
AT THE ANCIENT IRAQI SITE
Fibers & Textiles Laboratories,
Toray Industries, Inc.*
Given below are the results of morphological analysis attempted by us on the textiles found at
at-Tar Caves. The English was kindly improved by Mrs. Maya Ikuma.
Summary
Textiles coining from at Tar Caves:
In view of the fiber surface structure and the cross sectional structure, it has been proved that all
the samples arc composed of beast fibers which belong to animal fibers. Of all the beast fibers,
sheep fiber, cashmere goat fiber, alpaca fiber and camel fiber are in common use. In addition,
it was very difficult for us to get conformation on the chemical structure of the dyestuff by means
of electron probe microanalyzer and Raman microscope.
Analytical details
Methods;
A. Pretreatment: The textiles were treated with ultrasonic wave washing while immersed in
water, since their fiber surfaces were found soiled by lots of mud or the like.
B. Observation of the fiber surface structure: The textiles were observed by using the scanning
electron microscope after Au-Pd shadowing had been applied to their fiber surfaces.
C. Observation of the cross sectional structure: The light microscope observation was carried out
on a section of 6 ;mi in thickness each into which the samples were cut by Minot's microtome
after they had been embedded in paraffin.
D. Elementary analysis: Each sample was left to the analysis by means of scanning electron
microscope and X-ray microanalyzer after its carbon shadowing.
E. Dyestuff identification: Having been treated with ultrasonic wave washing by water immer
sion, each sample was subjected to the analysis of laser Raman microprobe with the exciting
line (5145A) of argon iron laser.
Observations and consideration
A. Material analysis:
Pis. 4-12 show the results of photo-observation of the samples' fiber surface structures and cross
sectional structures.
a. Sample Nos.l —7, 10', and 11 — 13 arc judged to be of sheep fiber from surface scale,
cross sectional structure and thickness, irrespective of color.
b. Sample Nos.lO (dull reddish yellow) and 14 (dull green) seem to be of cashmere because
of their having very fine fibers and unique scales.
c. Sample Nos.8 and 9 seem to be of camel fiber from their scale direction and cross sectional
structure, though there are no medullas in their fibers observed by us. Sample No.13'
(dark brown) is regarded as the one of alpaca fiber from the irregular thickness of cross
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Table 1 Analytical Results of the Textiles from the Ancient Iraqi Site: Textiles Uncovered at at-Tar Caves
Sample
No.
1
1'
2
3
4
4'
5
6
7
8
9
10
10'
11
12
13
13'
14
18
19
20
21
22
23
24
Description
Textile
No.
T-l
*
:
T-2
//
T-3
T-4
»
T-5
T-6
T-8
n
T-5
"
T-6
T-8
"
Specimen
No.
V-90-1
"
//
tf
V-39-2
//
V-97-l-b
V-41-3
«
V-47-1
V-47-13
V-75-15
n
V-62-3
*
V-47-13
V-68-1
V-87-1
V-86-2
1V-W-31-©
Kind
Warp
(Grandrelle thread)
Weft
(Monochrome)
Pile thread
Weft
(Grandrelle thread)
Warp
Pile thread
Warp
Warp
Weft
Warp
(Grandrelle thread)
Weft
Weft
Warp
(Grandrelle thread)
Weft
Pile thread
Weft (Chequered)
Warp
"
"
Weft (Staircase)
Pile thread
Color of outward
appearanee
Pale reddish yellow
Dark brown
Light yellowish brown
Gold
Light yellowish brown
Dark brown
Dull reddish yellow
Dark grayish brown
Dull reddish yellow
Dull reddish yellow
Dark brown
Dull reddish yellow
Yellowish brown
Dull reddish yellow
Strong yellowish red
Dull reddish yellow
Dark brown
Dull green
Dull reddish yellow
Deep purplish red
Gold
Dull orange
Dull reddish yellow
Reddish brown
Dark yellowish green
Material
Animal fiber
(Beast fiber)
Sheep
Sheep
Sheep
Sheep
Sheep
Sheep
Sheep
Sheep
Sheep
Camel
Camel
Cashmere
Sheep
Sheep
Sheep
Sheep
Alpaca
Cashmere
Cashmere
Sheep
Cashmere
Cashmere
Cashmere
Cashmere
Cashmere
Fiber
width
15-45
20-35
20-40
20-40
20-35
20-40
22-35
15-35
15-35
15-25
20-40
15-20
20-35
20-35
20-35
15-30
15-35
15-25
18-31
28-45
16-47
17-37
18-36
27-39
23-32
sectional view and the existence of medulla.
d. Sample Nos.18 and 20 — 24 seem to be from cashmere fibers because they have very fine
fibers. Sample No. 19 is considered as the one from sheep fiber depending on its cross
sectional structure and thickness.
e. Sample No.[a] (one-humped camel fiber) contains medulla, and Sample No.[b] (two-humped
camel fiber) also contains medulla. In the meantime, there are no medullae in Samples
No.l' (dark brown) and [d| or Samples No.4' (dark brown) and |E], so that they are judged
after all to be of sheep fibers.
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PI. 5 Sample 4 (Sheep), Sample 4' (Sheep), Sample 5 (Sheep) and Sample 6 (Sheep).
PI. fi Sample 7 (Sheep), Sample 8 (Camel), Sample 9 (Camel) and Sample 10 (Cashmere).
PI. 7 Sample 10' (Sheep), Sample 11 (Sheep), Sample 12 (Sheep) and Sample 13 (Sheep).
PI. 8 Sample 13' (Alpaca), Sample 14 (Cashmere), Sample 18 (Cashmere) and Sample 19 (Sheep).
PI. 9 Sample 20 (Cashmere) and Sample 21 (Cashmere).
PI.10 Sample 22 (Cashmere), Sample 23 (Cashmere) and Sample 24 (Cashmere).
PI.11 Cross section: Sample [C] (Sheep) and Sample U2 (Sheep).
PI.12 Cross section: Sample E] (Sheep).
PI. 13 Elementary analysis (Sample 12 and Sample 14).
APPENDIX 1: ANALYSS OF DYESTUFF CONTAINED
IN THE IRAQI ANCIENT YARNS
An analytical attempt to identify the dyestuff used in the Iraqi ancient yarns was made by means
of the laser Raman microprobe through resonant Raman effect. However, it was difficult for us
to identify the dyestuff contained in the fibers because of strong fluorescence background.
Purpose of analysis:
Examination of what the dyestuff contained in the Iraqi ancient yarns is like.
Sample:
Sample No.
12
14
Textile No.
T-6
T-8
Specimen No.
V-47-13
V-75-15
Kind
Welt
Weft
Color of outward
appearance
Strong yellowish red
Dull green
Analytical method:
Given below are the character and optical diagram of the laser Raman microprobe which was
used for measuring the specimens (MOLE, Jobin-Vvon make, France).
1) The character of MOLE:
The mechanical feature of MOLE lies in the combination of optical microscope and laser Raman
spectrometer. MOLE has the following microanalytical features:
a. The information relating to chemical structure of small area and crystal structure is
obtainable by means of 1 /im-order in the positional resolving power.
b. Distribution of specific compound and morphology can be observed.
c. Non-destructive analysis is attainable.
d. Specific measurement conditions such as evacuation are not required for measuring.
2) Optical diagram of MOLE:
Fig. 1 shown below is the optical diagram of MOLE. The Raman data system developed by Toray
Industries, Inc. (NEC PC9801) was used for measuring.
3) Measurement condition:
The measurement condition of each specimen as well as its spectra has been recorded as is shown
in Table 3.
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Multichannel
Detector
Controller
|;—(Multichannel
Detector
Ar+ LaserIK 0
Interference
Filter
Sample]
Table 3
Specimen No.
Slit width (>m)
Laser wave length (A)
Laser power (mW)
Sensitivity
PM supply (V)
Scan speed (cm'Vmin)
Time constant(s)
Sampling interval (citt1)
Repeat time
Objective (x)
Intensity max.
Intensity min.
Polarization
Spectral range (cm"1)
Spectral conditions
V-47-13
Fig.l Fig.2
1000/1000/1000 <-
5145 4579
12 <-
1/2 xlO"3 «-
980 <-
50
0.8
1 *~
3 *-
100 ^-
500 180
0 30
Y-;/2 «-
1800-200 —
V-75-15
Fig.3
*-
5145
<-
«-
«-
«-
—
<-
.-
<-
350
200
*-
-~
Fig. 4
t-
4579
*-
t~
«-
»-
•-
♦-
«-
«-
300
40
«-
*-
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Result and consideration:
The Raman spectral analysis through resonant Raman effect is frequently attempted for the purpose
of identifying such small amount of colored component as dyestuff contained in yarn. The selective
analysis of colored component using resonant Raman effect is explained in the attached data.
As for the two ancient yarns, their surface stain was removed in water by ultrasonic cleansing.
And then, Raman spectral measurement was applied to individual yarns each by illuminating
laser of 10 /urn or so in beam diameter.
In the use of resonant Raman effect, Raman spectral SN ratio is determined through the
equilibrium of the increasing degree of Raman scattering strength and the background fluorescence
strength. Thus, as light source (exciting wavelength) for Raman spectral measurement, two
kinds of Ar* laser lines, 5145A and 4579A, were used whose measurement results are shown in
the attached figures.
Fig.2 No.12 (Exciting wave length: 5145A)
Fig.3 No.12 (Exciting wave length: 4579A)
Fig.4 No. 14 (Exciting wave length: 5145A)
Fig.5 No. 14 (Exciting wave length: 4579A)
The result is that all of these Raman spectra were so high, caused by fluorescence background,
that the Raman band by dyestuff was not detectable. This is why we were unable to identify
the dyestuff contained in the yarns.
APPENDIX 2: RESEARCH ON WEFT YARN DYESTUFF: REPORT ON VISIBLE
AND ULTRAVIOLET ABSORPTION SPECTROSCOPY ANALYSIS
With regard to the two weft threads tested by us (C-16 ■ T-6 • V-47-13 and C-16 ■ T-8 • V-75-15),
their visible, ultraviolet absorption and reflection spectra were analyzed.
Purpose:
Examination of micro-transmission spectra and diffuse reflection spectra of the two weft yarns
in order to obtain information relative to the dyestuff contained in their fibers.
Sample:
Sample No.
12
14
Textile No.
T-6
T-8
Specimen No.
V-47-13
V-75-]5
Kind
Weft
Weft
Color of outward
appearance
Strong yellowish red
Dull green
Measurement:
1) Diffuse reflection spectra:
Measuring apparatus: Spectrophotometer Type 330 (Hitachi make)
Slit width 5 nm (250—875 run)
Gain 4 (875—2500 nm)
Time Constant 4
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Measuring speed 60 nm/min
Light source Halogen lamp (350—850 nm)
Deuterium lamp (250—350 nm)
Detector PNT (250—875 nm)
Attachments: Large sample chamber (60 f Integrating sphere
Reference sample (Standard white board: A 1203)
2) Micro-transmission spectra:
Microscope Metal system microscope (Olympus make)
Objective twentyfold, fiftyfold
Measuring area 10, 4 um (4
Illumination mode Transmission Light-field
Spectrometer Rapid multichannel detection system NCPD-113 (Ohtsuka Denshi make)
Wave length 400—100 nm
Resolution 6 nm or less
Exposure time 10 sec.
Result:
Fig.6 shows reflection spectra in the L'V-VIS region. Figs.7 and 8 show transmission spectra of
individual specimens resulting from their glycerine immersion.
Comparison between the upper graph, Fig.6, a result of reflection spectra, and Fig.7, a result
of transmission spectra, indicates that the strong yellowish red specimen (V-47-13) has its absorp
tion spectral peak near 510 in both figures, whereas the dull green specimen (V-75-15) has no
transmission spectral peak near 670 in Fig.8 in spite of its having its adsorption spectral peak
near 670 in Fig.6.
It seems likely that the phenomenon mentioned above as to the specimen V-75-15 has been
caused by either the weft-dye dissolution in glycerin or chemical reaction of the weft-dye with
glycerin.
Next, Fig.9 shows transmission spectra of the yarn itself without any use of immersing liquid.
As for transmission spectra shown in Fig. 9, we see absorption spectra especially dominant near
670, which is in accordance with reflection spectra in Fig.6.
It is therefore considered that spectra obtained from glycerin immersion (Fig.8) stand for the
absorption spectra of the yarn itself which is free from any dye.
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Fig.6 Reflection Spectra in the UV-Vis Region (V-47-13 and V-75-15)
,:'«■
Wavp length 400—700 !■■!
Fig.7 Micro-transmission of V-47-13 (with immersing liquid: Glycerin)
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Longitudinal view Cross section
Sample 1
(Pale reddish
yellow)
02B9S 15KU 5U
Samplfe I1
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(2) Observation results of samples
Longitudinal view Cross section
Sample 4
(Light yellowish
brown)
Sheep fiber
Sample 41
(Dark brown)
Sheep fiber 02991& 15«UIS 7 02687 15KU
bample 5
(Dull reddish
yellow)
Sheep fiber J02B&9 1,5KU:
o^
:
02B1B 15KU 1 5U
Sample 6
(Dark grayish
brown)
Sheep fiber
Samples 4, 4', 5 and 6
Longitudinal view Cross section
n
Sample 7
(Dull reddish
yellow)
Sheep fiber
Sample 8
(Dull reddish
yellow)
Camel fiber
Sample 9
(Dark brown^
Camel fiber
1 w
B@e'2 e
Sample 10
(Dull reddish
Cashmere fiber
Samples 7, 8, 9 and 10
Longitudinal view Cross section
Sample 10'
(yellowish brown)
Sheep fiber
Sample 11
(Dull reddish
yellow)
Sheep fiber
Sample 12
(Strong yellowish
red)
Sheep fiber
Sample 13
(Dull reddish
yellow)
Sheep fiber
Samples 10', 11,12 and 13
Longitudinal view Cross section
Sample 13'
(Dark brown)
Alpaca fiber
•
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Sample 14
(Dull green)
Cashmere fi
Sample 18
(Dull reddish
yellow)
Cashmere fiber 92091 15KU 5U
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Sample 19
(Deep purplish
red)
Sheep fiber BB2993 15KU
Samples 13', 14,18 and 19
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Spectrogram of sample's surface
.;-;&'■ M0..12 *2eeo
RELs 0SEC HS: IBKEV IBE'.'
ELflPi 57SEC USi 256 DT*
ZiS 5 K 49CP5 tttfi
as s c
LI fi
Se-t KLW marker (22 CR-#08 CR
"or KLH shift kelJ) or CHEMICftL
SYMBOL (Press SPfiCE>
Sample 12 (T-6)
Outward appearance color:
strong yellowish red
Sheep fiber
0^-023 20KU Ti
L: 9SEC HS:16K£U l-BEU'CfC
lP: 57SEC VS: 256 DT: ■ 2*
S K 49CPS MSB'
B.
Set
or
SVM
90
.- L H
an
BOL
nark
shift
(Pres
5.12
er CZZ CR
keM) or
s SPfiCE)
(X 1) 10.2JHOS.-Bfi 1
.iae cr
CHEHICRL
Sample 14 (T-8)
Outward appearance color:
dull green
Cashmere fiber
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